Purpose Advances in cancer detection and treatment have resulted in a growing population of long-term survivors, but even years after treatment has concluded, many survivors report physical symptoms that interfere with daily living. While there are studies of late effects following common cancers, less is known about these complications in rare cancers. This study focuses on the physical symptoms reported by long-term survivors enrolled in the NIH-sponsored Rare Cancer Genetics Registry. Methods The Rotterdam Symptom Checklist-Modified was administered to evaluate the severity of physical symptoms commonly reported by long-term cancer survivors. Logistic regression was used to assess association between symptoms and demographic and clinical factors. Results In 309 subjects with a median time of 7.6 years from a diagnosis of one or more rare cancers, the median number of symptoms present per participant was 7. The most prevalent symptom reported was tiredness/lack of energy, which was present/ very bothersome in 70%/25% of registrants. Women, non-whites, current smokers, and upper GI cancer survivors are particularly affected. Overall, symptom prevalence was similar across rare cancer types, time since diagnosis, and type of treatment. Conclusions Rare cancer survivors continue to experience troublesome symptoms many years after diagnosis, regardless of cancer type or treatment modality. Implications for Cancer Survivors There is a need for continued emphasis on smoking cessation in cancer survivors as well as enhanced monitoring of long-term complications in female, non-white, and upper GI cancer survivors.
Background
As a result of improvements in detection and treatment of cancer, there has been a steady increase in the population of cancer survivors; this group accounts for over 15 million people today and is expected to increase to over 26 million by the year 2040 [1, 2] . Cancer survivors today live to an older age and are at higher risk for long-term effects of the disease and/ or its treatment [3] . Cancer-related symptoms such as fatigue, insomnia, neuropathy, and pain can persist for years after the completion of treatment, yet these symptoms often remain underdiagnosed and undertreated, causing impaired function and diminishing quality of life [4] . Furthermore, it is common for survivors to experience multiple symptoms concurrently, which compounds the impact on functioning in daily life. Skerman et al. reported a median of seven concurrent symptoms in a group of patients assessed 1 year after starting adjuvant chemotherapy [5] . Thus, there is an increasing need to identify and treat long-term morbidity in cancer survivors.
Studies have examined long-term symptom burden in common cancers [6, 7] , yet over 25% of cancer diagnoses are Brare cancers^and it is challenging to conduct research in the small population of patients affected by a specific rare cancer. However, many of the late effects of a cancer diagnosis and treatment are similar across cancer types. This is because in addition to factors such as sex, age, disease stage, and comorbidities, many of the physical problems experienced by cancer survivors are due to the treatment they received. For example, radiation therapy can cause chronic pain and musculoskeletal problems and many chemotherapy regimens are associated with later reports of fatigue and peripheral neuropathy [5, 8] . Because these factors are common to all cancers, it is reasonable to combine patients with different cancer Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11764-018-0721-9) contains supplementary material, which is available to authorized users.
diagnoses to ensure sufficient sample sizes for analyses and generate results that reflect the impact of late symptoms in the broad population of rare cancer survivors.
Much of the existing survivorship research has focused on the treatment and early post-treatment time-frame. Clinical trials provide insight into complications patients experience but do not often follow patients beyond 5 years. However, the longer-term (post-treatment) symptoms of cancer survivors, especially those with rare cancer, have received little study. This paper addresses the self-reported physical symptoms in a population of long-term survivors of rare cancers. We used a validated symptom checklist to evaluate the presence, severity, and burden of physical symptoms in participants enrolled in a national rare cancer registry and examined the demographic and clinical factors associated with presence of symptoms. Understanding the persistent and common physical symptoms in this group, as well as identifying the subgroups at greatest risk for symptoms, could provide both the patients and their health care providers an opportunity to improve the physical quality of life for the growing population of cancer survivors.
Methods
Population The Rare Cancer Genetics Registry (RCGR) is a National Cancer Institute supported national research registry of individuals with rare cancers (www.rcgr.org). Since it was established in 2009, the RCGR enrolled over 800 participants at six US academic research centers. With approval from each center's institutional review board, registrants were recruited using hospital tumor registries to identify individuals diagnosed with rare hematologic, genitourinary, gastrointestinal, head/neck, gynecologic cancers, or sarcoma within the previous 10 years. A cancer was considered rare based on incidence of less than 20 per 100,000 in the US population.
At enrollment, registrants completed a mail or telephone survey, providing information on sociodemographic characteristics, personal and family cancer history, and cancer risk factors. Registrants were contacted annually for updates to the information they provided at baseline. Details about registrants' diagnoses, cancer treatments, and outcomes were also abstracted from electronic medical records and/or hospital tumor registry databases.
Survey The Rotterdam Symptom Checklist (RSCL) was developed and applied to study physical and psychological symptom burden in cancer survivors, focusing on patientreported symptoms that are pertinent to long-term survivors [9] . A modified version of the RSCL was developed to assess a more comprehensive list of physical symptoms experienced by cancer survivors while removing items related to the evaluation of psychological health. This RSCL-M (Rotterdam Symptom Checklist-Modified) includes symptoms associated with several common cancer sites, making it relevant in studies of patients with a wide range of cancers and varying treatment. The modified scale was found to be reliable and valid for use with cancer patients in the USA [10] . The RSCL-M asks respondents to indicate the extent to which they have been bothered by each of 28 physical symptoms during the past week by selecting Bnot at all^(coded as 1), Ba little( 2), Bquite a bit^(3), and Bvery much^(4). In 2017, the RCGR contacted current registrants and asked them to complete the RSCL-M.
Statistical methods Symptom responses were dichotomized as absent (1) versus present (2) (3) (4) . We also used a second dichotomization for symptom response. Noting that the RSCL-M assesses how much respondents are bothered by each symptom, we dichotomized the responses as very bothersome (3-4) versus not very bothersome (1) (2) . Finally, we computed the number of symptoms present, the number of very bothersome symptoms, and the total symptom score over all 28 symptoms for each participant.
Univariate and multivariate logistic regression models were used to assess associations between each patientreported dichotomized symptom (present versus absent) and sociodemographic and cancer-related characteristics. The symptoms of tiredness and lack of energy were combined to create a single symptom. Age was dichotomized by age 65, as was race (white) and current tobacco and current alcohol use. Separate indicator (yes/no) variables were used to group cancer diagnosis by type-sarcoma, hematologic, cancers affecting organs of the upper gastrointestinal tract, urinary system, and head and neck. Registrants with multiple diagnoses were included in multiple cancer groups in the regression models. Time since diagnosis was dichotomized by 5 years, using most recent diagnosis for those with multiple primaries, and treatment variables were included, indicating whether any of the registrant's cancers were treated with surgery, chemotherapy, or radiation.
For each symptom, a single logistic regression analysis, combined across cancer types, was performed. Wald tests were used to determine whether the estimated odds ratios (ORs) were significantly different from one (no association). Backwards selection was used to derive the final multivariate model for each symptom. To ensure adequate power for the multivariate analyses, only symptoms present in more than 100 participants (33%) were evaluated for association with participant characteristics. Participants with missing or unknown values for a characteristic were excluded from analyses of the given characteristic. In addition to assessing symptoms individually, we also evaluated which characteristics are associated with high (more than median number of symptoms) versus low symptom burden in the same manner as described above. The datasets analyzed for this study are available from the corresponding author on request.
Results
Registrants As of 2017, 515 of the over 800 registrants of the Rare Cancer Genetics Registry (RCGR) were still actively participating and were mailed the RSCL-M. Sixty percent (309) completed the checklist. Characteristics of the participants in this study are presented in Table 1 . Details of the types of diagnoses are provided in Online Resource 1. The 309 participants had a total of 350 cancer diagnoses, including a broad array of rare cancers as well as some additional common cancers among the 31 participants (10%) with multiple diagnoses. The median age at most recent cancer diagnosis was 57 years (range 21-87), and the median time since most recent diagnosis was 7.6 years (range 1.4-27.5). The majority of participants were male (54%), reported white race (89%), were not current smokers (95%), and drank some alcohol (66%). Most participants had undergone surgery to treat their cancer(s) (88%), and about half were treated with chemotherapy (57%) and/or radiotherapy (58%). A small number of participants (13%) were still undergoing treatment for their cancers. Regarding the reasons for non-response, the registrants who were mailed the checklist but did not respond were significantly more likely to have multiple cancers, be more than 5 years since their most recent diagnosis, and not to have undergone surgery for their cancer (Fisher's exact test for all comparisons). The response rate was not related to current age, gender, race, Hispanic ethnicity, smoking history, alcohol consumption, age at most recent cancer diagnosis, or treatment with chemotherapy or radiation.
Prevalence of symptoms Figure 1 shows the proportion of participants reporting each symptom using two different dichotomizations: those reporting being bothered by the symptom at least Ba little^(2-4; i.e. present) and those reporting the symptoms at least Bquite a bit^(3-4; i.e. very bothersome). In the examination of whether registrants reported the symptom at least a little, tiredness and lack of energy were the most commonly reported symptoms with each present in more than 60% of participants. Difficulty sleeping, decreased sexual interest, dry mouth, low back pain, and sore muscles were present in 40-50% of participants, while nausea, sore mouth, and vomiting were uncommon and present in less than 20% of participants. The proportions of registrants who reported being bothered by a given symptom quite a bit or Bvery much( i.e., symptom was very bothersome) are much lower than the proportions who report the symptom at least a little and only exceeded 20% for decreased sexual interest (very bothersome in 32% of participants), tiredness (28%), lack of energy (26%), and difficulty sleeping (22%) (Fig. 1) . Table 2 presents the proportions of participants with each cancer type who reported symptoms (present at least Ba little^). Tiredness/lack of energy was present in more than 50% of participants in every cancer type except testis and prostate. Difficulty sleeping was very commonly present in several cancers, although markedly more frequent in breast (65%) and gynecologic (69%) cancers. Decreased sexual interest was also most commonly present in cancers affecting women and was reported in 72% of participants with breast cancer and 67% of participants with gynecologic cancers. Dry mouth was very often present among head/neck cancers (78%), while heartburn/belching was most frequently present in participants with cancers of the stomach (60%) and biliary tract, liver and pancreas (59%). Looking across all symptoms, the median number of symptoms present in a participant was 7 (range 0-24), while the median number of very bothersome symptoms per participant was 2 (range 0-16). The mean total symptom score was 39.0 (scale 28-112, with a score of 28 corresponding to no symptoms). Mean symptom scores ranged from slightly over one for uncommon symptoms to approximately two for the three most prevalent symptoms and were very similar to those observed in the RSCL-M validation study population (Online Resource 2). Participants with cancers of the biliary tract, liver, and pancreas had the highest total symptom score (41.8 on a scale of 28-112), while participants with kidney/bladder cancers and testis/prostate cancers had the lowest total scores (36.2 and 32.1, respectively) ( Table 2 ). Most of the cancerspecific mean total scores were within 2 points of the overall mean of 39.0. Participants with cancers of the biliary tract, liver, and pancreas reported the highest number of symptoms present (mean = 11), while those with kidney/bladder cancers and testis/prostate cancers reported the fewest symptoms present (means = 6.5 and 4.1, respectively).
Factors associated with presence of symptoms The odds ratios (ORs) from logistic regression models for the association of presence of symptoms with demographic and cancerrelated factors are given in Table 3 . Demographic characteristics including age, gender, race, current smoking, and alcohol consumption were significantly associated with presence of several symptoms. Female participants were significantly more likely to report lack of energy/tiredness (OR = 1.69), difficulty sleeping (OR = 1.97), and decreased sexual interest (OR = 2.09). Non-white participants reported more sore muscles than white participants (OR = 2.77). Current smokers were markedly more likely to report presence of many of the symptoms we evaluated, with the estimated odds of symptoms in current smokers ranging from 2.8 to 8.6 times greater than the odds of symptoms in non-smokers. In addition, current smokers, female, or non-white subjects were more likely to report high symptom burden (i.e., > 7 symptoms present in an individual). Participants who drink at least one alcoholic beverage per week were significantly less likely to report symptoms including low back pain (OR = 0.56), tingling hands or feet (OR = 0.52), and problems controlling urine (OR = 0.57) compared to participants who reported no alcohol consumption. In the evaluation of the association between symptoms and cancer treatments, we found that participants who received chemotherapy were at increased risk for sore muscles (1.60) and tingling (OR = 1.98), while neither treatment with surgery nor radiation were associated with any of the symptoms we examined.
In general, cancer type was not related to risk for most symptoms, although a few associations were significant. A diagnosis of head and neck cancer was associated with a Fig. 1 Prevalence of symptoms in all participants (N = 309). Symptoms are ordered from most to least prevalent greater than four-fold increase in odds of dry mouth compared to other diagnoses (OR = 4.89). Similarly, participants with cancer affecting the upper gastrointestinal (GI) tract were significantly more likely to report heartburn/belching (OR = 2.73) and shortness of breath (OR = 1.99) than those with other cancers. Upper GI cancers were also more likely to experience high symptom burden compared to other cancer types.
Discussion
The study of late effects in rare cancers is difficult due to the small number of affected patients and the lack of long-term follow-up in these populations. The Rare Cancer Genetics Registry provided a unique opportunity to assess the prevalence of symptoms in a large group of rare cancer survivors, most of whom are many years from the diagnosis and conclusion of treatment. Combining information from registrants with several types of cancer allows us to compare the occurrence of symptoms both within and between cancer sites, as well as providing greater statistical power for the analyses.
We found that most participants experience tiredness and lack of energy. At a median of over 7 years since their most recent cancer diagnosis, nearly 70% of participants reported presence of these fatigue-related symptoms and over 25% indicated these symptoms were very bothersome. Difficulty sleeping was the next most commonly reported symptom, with 50% of participants endorsing presence of insomnia. This is consistent with other studies that have found fatigue and insomnia to be among the most common symptoms experienced by cancer survivors [2, 4] . Decreased sexual interest was also quite common and had the highest rate (32%) of participants who were very bothered by the symptom. Similar results have been observed in prior studies that have reported that sexual problems can persist for years after cancer diagnosis and treatment [11, 12] . The least prevalent symptoms were those that are typically present only during active treatment with chemotherapy and/or radiation, including nausea, vomiting, weight loss, shivering, and hair loss. This is not unexpected since most RCGR subjects were remote from diagnosis and thus unlikely to be receiving treatments. Although many symptoms were present in a substantial proportion of participants, most symptoms were reported as being very bothersome in only a small fraction of participants. Furthermore, while the median number of symptoms present in a participant was 7, the median number of symptoms that were very bothersome was 2, suggesting that rare cancer survivors typically experience several symptoms at fairly low levels of severity (Ba little^) with a few that are very bothersome. These results are similar to what has been reported for common cancers and mirror the findings in the RSCL-M Table 2 Total symptom score and prevalence of symptoms by cancer type. Cancer types are sorted from highest to lowest mean total symptom score. Symptoms present in > 33% of participants are shown; symptoms present in > 50% of participants are highlighted in gray. Registrants with multiple cancers appear in multiple rows6
Cancer type (no. participants) Defined as age at/time since most recent diagnosis validation population, despite the considerably longer time since diagnosis in the RCGR population [10] . Our results did not suggest substantial variation in the prevalence of symptoms due to cancer type. The cancer-specific mean total symptom scores were mostly clustered within a few points of the overall mean. The associations we observed were between symptoms linked to a specific site in the body that was affected by the cancer, such as registrants with head and neck cancers, who were almost five times more likely to report dry mouth. Despite recent improvements in radiotherapy techniques, late radiation-induced dry mouth remains one of the main morbidities affecting head and neck cancer survivors [13, 14] . Similarly, those with upper GI cancers were significantly more likely to report heartburn/belching, and surgical resection (a common treatment in GI cancers) is often linked to reflux symptoms such as heartburn and belching in patients with esophagogastric cancers [15, 16] . In our multivariate analysis that combined all patients regardless of cancer site, we did not detect any symptoms that were significantly associated with either surgery or radiation. However, participants treated in the past with chemotherapy experienced more tingling in the hands and feet than those who did not undergo chemotherapy, which is consistent with evidence that some chemotherapeutic agents are associated with long-term peripheral neuropathy [17] .
Women reported higher rates of lack of energy/tiredness, difficulty sleeping, and decreased sexual interest in the multivariate analysis. These associations have been found in previous studies of cancer survivors that showed women were more likely to report cancer-related fatigue [18, 19] and sexual problems [20] in various cancer diagnoses. Non-whites were at elevated risk for sore muscles and high symptom burden, which is consistent with existing research showing disparities in pain control between white and non-white survivors and reports showing that cancer survivors in minority groups are less likely to seek medical care for management of physical symptoms [21] . Although our study only included a small number of current smokers, we found strong associations between current smoking and several symptoms, and smokers were much more likely to report a high number of symptoms. Other studies have reported poorer health-related quality of life (QOL) for cancer survivors who smoke [22] . In particular, odds ratio estimates for low back pain and sore muscles comparing current smokers to others both exceeded eight in the multivariate analysis, findings which are supported by a previous study that showed continued smoking despite a cancer diagnosis was associated with greater pain severity and interference from pain [23] . Unexpectedly, alcohol consumption was associated with decreased risk of low back pain, tingling hands/feet, and problems controlling urine. Guidelines for cancer survivors typically include limiting alcohol consumption due to the link between drinking and risk of recurrence and new primaries [23] , but the relationship between alcohol consumption and health-related QOL in cancer survivors is unclear, with at least one study finding no association between alcohol use and several QOL outcomes [24] .
Our study had several limitations. The cross-sectional study design did not permit us to evaluate temporal patterns in symptoms following a rare cancer diagnosis. The response rate was 60%, with non-responders more likely to be more than 5 years from diagnosis. We cannot rule out survivorship bias in our results, as participants had to live long enough past their diagnosis to be enrolled in the registry and subsequently complete the symptom survey. Further, our Rare Cancer Genetics Registry was a convenience sample and not demographically representative of the population from which it was drawn. Also, while it was necessary to combine registrants with many different types of rare cancer to ensure adequate power for the multivariate analysis, this aggregation is potentially problematic due to fundamental differences in presentation, disease course, and treatment across diagnoses. We accounted for these differences by including cancer group (by anatomy) and treatment types in the models and note that given that most participants are several years from diagnosis, it is not surprising that these factors were not among the major predictors of symptoms. Finally, we did not assess participants' physical functioning so it is unclear what impact the presence, severity, or number of symptoms has on their ability to function in daily life. We note lastly that in addition to the physical symptoms we assessed, long-term survivors remain at risk for late secondary cancers as well as psychological problems, but these symptoms are also outside the realm of this research.
In conclusion, we found that most rare cancer survivors continue to experience troublesome symptoms many years after diagnosis and over half remain very bothered by multiple symptoms. These findings highlight a need for proactive strategies to prevent and manage symptoms during both the active treatment and survivorship phases of care. Such strategies could include utilizing physical rehabilitation and psychosocial counseling interventions that can mitigate or even prevent the development and progression of many of the most commonly reported symptoms in our study. With a few exceptions, symptom prevalence was similar across rare cancer types. Current smokers, non-whites, female, and GI cancer survivors were at increased risk for symptoms, suggesting the need for continued emphasis on smoking cessation in survivor populations and enhanced clinical evaluation and development of interventions targeted toward minority, female, and GI cancer survivors.
